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STUDIES DIRECTED TOWARD THE SYNTHESIS OF GERMACRANOLIDES 
VIA [ 2 + 2 ] CYCLOADDITION FOLLOWED BY RING 
EXPANSION /ELIMINATION OF ~-LACTONES. 
By: BRYAN E. YATES 
Under the Supervision of Dr. T. Howard Black. 
Exposure of a.-trimethylsilyl ~-lactones to magnesium bromide or 
boron trifluoride etherate in diethyl ether solvent resulted in the smooth 
generation of~' y-unsaturated acid derivatives in good yield and isomeric 
purity. It is believed that this reaction occurs via the formation of a stable 
tertiary carbocation at they-carbon resulting from cleavage of the carbon-
oxygen sigma bond due to the complexation of the Lewis acid with the ring 
oxygen atom. Rapid loss of an adjacent electrofuge then furnishes the 
unsaturated acids. The ~-lactone precursors were prepared by a [2+2] 
cycloaddition of an aldehyde and an alkyl trimethylsilyl ketene. This method 
was designed in the hope of producing germacranolide compounds such as 
aristolactone from an intramolecular [2+2] cycloaddition, but unfortunately 
produced cyclo ~. y-unsaturated acids which were previously difficult to 
obtain. A detailed synthetic methodology leading to the intramolecular Lewis 
acid catalyzed [2+2] cycloaddition reaction is of prime interest and is discussed 
in detail. 
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"The term is over: the holidays have begun. 
The dream is ended: this is the morning. 
And as He spoke He no longer looked to 
them like a lion; but the things that began to 
happen after that were so great and beautiful that I 
cannot write them. And for us this is the end of all 
the stories, and we can most truly say that they all 
lived happily ever after. But for them it was only 
the beginning of the real story. All their life in this 
world and all their adventures in Namia had only 
been the cover and the title page: now at last they 
were beginning Chapter One of the Great Story, 
which no one on earth has read: which goes on for 
ever; in which every chapter is better than the one 
before."1 
- Farewell to Shadow Lands, The Last Battle by CS.Lewis 
With the completion of this thesis, ends a long journey at Eastern 
Illinois University. I would like to thank Dr. T.H. Black for the suggestion of 
this project, his professional help and knowledge to see it to its completion, 
and his friendship that aided me in learning the Beast known as Organic 
Chemistry. 
I would also like to thank the other professors, my fellow student 
research collaborators and friends, and especially Matt and Ken, stockroom 
staff of the Chemistry Department who have made my time at Eastern Illinois 
University a most enjoyable experience. 
I would like to thank my parents and family: Mom, Keith, Grandma 
Naomi, Grandma Jane, Uncle Jack, Jan, Kay, Jason, and Laura for their 
support and endless love that allowed me the opportunity to attend Eastern. 
And finally, I would like to thank all of my friends who have 
contributed to supporting me through the good and bad as I struggled to 
become a Chemist, especially: Steven, Kevin, Inga, Janet, Jane, Jill, Matt, Julie, 
Sherry, Roy, Bob, Sherryl, Gary, Jonathon, Tara, Kris, Todd, Sammy, Dana, 
Benjamin, and all the other wonderful people I met along the way. 
The work described in this thesis was made possible through donations 
from the Petroleum Research Fund, administered by the American Chemical 
Society, along with financial support from Eastern Illinois University. 
ii 
..£i~t of CJ aCfe~: 
I 
Table 1: Preparation of 2-trimethylsilylalkanoic acids - - - - - - - - - 24 
Table 2: Prepartation of 2-trimethylsilylalkanoyl chlorides - - - - - 25 
Table 3: Preparation of alkyl trimethylsilyl ketenes - - - - - - - - - - - 26 
iii 
J!i1-t of \f?fjU't£1-: 
Figure 1: IR spectrum of 2-trimethylsilyl acetic acid 77 
Figure 2: lH-NMR spectrum of 2-trimethylsilyl acetic acid 77 
Figure 3: 13C-NMR spectrum of 2-trimethylsilyl acetic acid 77 
Figure 4: IR spectrum of 2-trimethylsilyl butanoic acid 79 
Figure 5: lH-NMR spectrum of 2-trimethylsilyl butanoic acid 79 
Figure 6: 13C-NMR spectrum of 2-trimethylsilyl butanoic acid 79 
Figure 7: IR spectrum of 2-trimethylsilyl hexanoic acid 80 
Figure 8: lH-NMR spectrum of 2-trimethylsilyl hexanoic acid 80 
Figure 9: 13C-NMR spectrum of 2-trimethylsilyl hexanoic acid 80 
Figure 10: IR spectrum of 2-trimethylsilyl butanoyl chloride 83 
Figure 11: lH-NMR spectrum of 2-trimethylsilyl butanoyl chloride 83 
Figure 12: 13C-NMR spectrum of 2-trimethylsilyl butanoyl chloride 83 
Figure 13: IR spectrum of 2-trimethylsilyl hexanoyl chloride 84 
Figure 14: lH-NMR spectrum of 2-trimethylsilyl hexanoyl chloride 84 
Figure 15: 13C-NMR spectrum of 2-trimethylsilyl hexanoyl chloride 84 
Figure 16: IR spectrum of 12-oxo-2-trimethylsilyl dodecanoyl chloride 101 
Figure 17: IR spectrum of 2-trimethylsilyl-1-hexen-1-one 86 
Figure 18: lH-NMR spectrum of 2-trimethylsilyl-1-hexen-1-one 86 
Figure 19: 13C-NMR spectrum of 2-trimethylsilyl-1-hexen-1-one 86 
Figure 20: IR spectrum of 12-oxo-2-trimethylsilyl-1-dodecen-1-one 102 
Figure 21: IR spectrum of 3-butyl-4-pentyl-3-trimethylsilyloxetan-2-one 87 
lV 
Figure 22: lH-NMR spectrum of 3-butyl-4-pentyl-3-trimethylsilyloxetan-2-one 87 
Figure 23: 13C-NMR spectrum of 3-butyl-4-pentyl-3-trimethylsilyloxetan-2-one 87 
Figure 24: IR spectrum of 5-undecene-5-carboxylic acid 88 
Figure 25: lH-NMR spectrum of 5-undecene-5-carboxylic acid 88 
Figure 26: 13C-NMR spectrum of 5-undecene-5-carboxylic acid 88 
Figure 27: IR spectrum of 10-bromo-1-decanol 90 
Figure 28: lH-NMR spectrum of 10-bromo-1-decanol 90 
Figure 29: 13C-NMR spectrum of 10-bromo-1-decanol 90 
Figure 30: IR spectrum of 1-trimethylsilyloxyoctane 92 
Figure 31: lH-NMR spectrum of 1-trimethylsilyloxyoctane 92 
Figure 32: 13C-NMR spectrum of 1-trimethylsilyloxyoctane 92 
Figure 33: IR spectrum of 10-bromo-1-trimethylsilyloxydecane 94 
Figure 34: lH-NMR spectrum of 10-bromo-1-trimethylsilyloxydecane 94 
Figure 35: 13C-NMR spectrum of 10-bromo-1-trimethylsilyloxydecane 94 
Figure 36: IR spectrum of 12-trimethylsilyloxy-2-trimethyldodecanoic acid 95 
Figure 37: lH-NMR spectrum of 12-trimethylsilyloxy-2-trimethyldodecanoic acid 95 
Figure 38: 13C-NMR spectrum of 12-trimethylsilyloxy-2-trimethyldodecanoic acid 95 
Figure 39: IR spectrum of octanal (Swern Oxidation) 93 
Figure 40: lH-NMR spectrum of octanal (Swern Oxidation) 93 
Figure 41: 13C-NMR spectrum of octanal (Swern Oxidation) 93 
Figure 42: IR spectrum of 10-bromo-1-decanal 98 
Figure 43: lH-NMR spectrum of 10-bromo-1-decanal 98 
v 
Figure 44: 13C-NMR spectrum of 10-bromo-1-decanal 98 
Figure 45: IR spectrum of 1-cycloundecene-1-carboxylic acid 103 
Figure 46: IR spectrum of 1,1-dimethoxyoctane 97 
Figure 47: lH-NMR spectrum of 1,1-dimethoxyoctane 97 
Figure 48: 13C-NMR spectrum of 1,1-dimethoxyoctane 97 
Figure 49: IR spectrum of 10-bromo-1,1-dimethoxydecane 99 
Figure 50: lH-NMR spectrum of 10-bromo-1,1-dimethoxydecane 99 
Figure 51: 13C-NMR spectrum of 10-bromo-1,1-dimethoxydecane 99 
Figure 52: IR spectrum of 12,12-dimethyoxy-2-trimethylsilyl dodecanoic acid 100 
Figure 53: lH-NMR spectrum of 12,12-dimethyoxy-2-trimethylsilyl dodecanoic acid 100 
Figure 54: 13C-NMR spectrum of 12,12-dimethyoxy-2-trimethylsilyl dodecanoic acid 100 
Figure 55: IR spectrum of octanal (acetal transformation) 93 
Figure 56: lH-NMR spectrum of octanal (acetal transformation) 93 
Figure 57: 13C-NMR spectrum of octanal (acetal transformation) 93 
Figure 58: IR spectrum of 12-oxo-2-trimethylsilyl dodecanoic acid 96 
Figure 59: lH-NMR spectrum of 12-oxo-2-trimethylsilyl dodecanoic acid 96 
Figure 60: 13C-NMR spectrum of 12-oxo-2-trimethylsilyl dodecanoic acid 96 
vi 
Ilnbwduction 
There has been continued interest in the biological activity of many 
naturally occurring compounds. Some of the more recent studies have been 
carried out on several classes of fused-ring sesquiterpenoid lactones 
containing a y-butyrolactone or an a,~-butenolide moiety. Representative 
examples include eucannabinolide 1, a germacranolide containing a y-
butyrolactone derived from Schkuhria virgata found in North America;2 
aristolactone 2, a bridged-germacranolide containing a fused a,~-butenolide 
derived from Aristolochia serpentaria and Aristolochia reticulata found in 
0 
~OH ~OH 
0 
0 0 
0 
Eucannabinolide 1 (±) -Aristolactone 2 (±) - lsabelin 3 
0 
0 
Anisomelic Acid 4 Burrodin 5 Tenulin 6 
Canada;3 (±)-isabelin 3, a bridged-germacranolide dilactone containing both a 
y-butyrolactone and a fused a,~-butenolide derived from Ambrosia 
1 
psiloslachya DC (Compositae) found in Texas;4,5 anisomelic acid 4, 
a cembranolide containing a y-butyrolactone derived from Anisomeles 
malabauia found in south India;6 burrodin 5, an ambrosanolide containing a 
y-butyrolactone derived from gray Ambrosia dumosa found in the southwest 
region of Texas;7 and tenulin 6, an helenanolide also containing a y-
butyrolactone and a fused cx,~-butenolide derived from Helenenium amarum 
also found in the southwest region of Texas.7 
Each of these natural products is isolated from very different plant 
sources, and has been shown to elicit various biological activities, from anti-
cancer effects to the stimulation of germination.8,9 One of the problems that 
occurs with these compounds, when found in their natural state, is that they 
always occur as a mixture with many other compounds, usually from the 
same class, thus separation is tedious and very costly. Damage to the plant 
occurs from the extraction of the raw compounds and in many instances 
these plants are rare, thus an alternative synthetic route is desirable to 
produce the compounds on a larger scale without destruction of the natural 
plant sources. Each of these fused-ring compounds has posed a synthetic 
challenge due to the occurrence of several chiral sites and the presence of 
large rings often greater than 10 carbon atoms. Despite such difficulties, 
several synthetic pathways have been developed to produce these 
compounds. 
2 
The total synthesis of eucannabinolide 1 by W. Clark Still and 
colleagueslO centered on a ring formation involving an oxy-Cope 
rearrangement. This provided a smooth pathway from the starting material 
( + )-carvone 7 to a germacrane-like intermediate 11. Acetal 9 was employed to 
establish the correct relative stereochemistry at C3, C7, and CB via equatorial 
attachment on ketone 8 (Scheme I). Oxy-Cope rearrangement of adduct 10 
Scheme I 
7 8 
11 10 
/ 
0 
" 0-
then provided the key 10-membered ring intermediate 11. The butyrolactone 
moiety 12 was constructed by gentle acid hydrolysis, followed by Baeyer-
Villiger oxidation on the more substituted a-carbon (Scheme II). Once 
lactonization occured and the configurations at C7 and CB (Scheme III) were 
inverted, translactonization was achieved by ketone reduction, Collins 
oxidation of the resulting CS alcohol, and finally by peripheral reduction of 
the derived ketone, giving the natural stereochemistry of the germacranolide 
3 
Scheme II 
11 
eucannabinolide 1. 
Scheme III 
0 
1 
acid hydrolysis Baeyer-Villiger 
oxidation 
0 
0 
oYoH ~OH fi~>< HOO~ 14 
The total synthesis of ( +) - aristolactone 2 by James A. Marshall and 
colleaguesll took a different approach to the formation of the germacranolide. 
The larger ring was already complete and contained a propargylic allylic ether 
15 prepared from geranyl acetate.12 The germacranolide-like alcohols 16 and 
4 
17 were formed by an enantioselective Wittig ring contraction (Scheme IV) 
Scheme IV 
-
OH 
16 
15 ~(R) ~····( 
OH I 
17 
under mild conditions employing lithio (R,R) and (S,S)-bis (1-phenylethyl) 
amides as chiral bases prepared via hydrogenation of their respective imines. 
Stronger bases, such as n-butyllithium, were successful at carrying out the 
necessary ring contraction but lacked chiral control, resulting in the 
formation of a mixture of racemic products. Once the Wittig contraction was 
complete the resulting alcohols were converted into the germacranolide 
aristolactone 2 (Scheme V). The(-) - alcohol produced(+) - aristolactone and 
vice versa showing an enantiospecific relationship between starting materials 
and products. This synthetic pathway constituted the first proof of the 
absolute configuration for aristolactone. 
The production of(±) - isabelin 3 by Paul A. Wender and colleagues13 
was a unique challenge due to the presence of two lactone moieties, one of 
which is bridged as in aristolactone. The synthetic design was based on 
5 
SchemeV 
1) Red-Al 
2)NIS 
- 3) CO, (PhsP)Pd, (n-Bu)3 SnH 
-
OH 
16 0 (+)-2 1) Red-Al 
2)NIS 
(R) 
OH''•( ''( 3) CO, (PllJP)Pd, (n-Bu)3 SnH - .. , --0 
17 (-) -2 
previous studies on photothermal olefin metathesis for medium-ring 
systems.14 The starting material 18 was converted to its silyl enol ether which 
was smoothly oxidized with palladium (II) acetate to provide the desired 
enone 19. The ring system was already in place in the starting material and 
was masked to generate the lactone moieties. The production of the first 
bridged lactone (Scheme VI) was achieved by reductive lactonization 
employing sodium borohydride and methanol followed by simple acid-
catalyzed transesterification to provide lactone 22. Ozonolysis (Scheme VII) 
converted the hydroxy lactone 22 into the hydroxy aldehyde 23 followed by 
oxidation with Fetizon's reagent15 to afford the highly crystalline dilactone 
24. Methylenation of the dilactone 24 followed by pyrolysis gave the natural 
bridged germacranolide dilactone (±)-isabelin 3. 
The production of anisomelic acid 4 by James A. Marshall and 
6 
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colleagues6 was a stereoselective approach involving two key steps. The first 
was a highly anti-selective addition of an allyltitanium species to an aldehyde, 
affording an enol carbamate allylic alcohol. The second was a highly (Z)-
selective Horner-Emmons cyclization of a derived phosphono ester aldehyde 
leading to a conjugate ester. The starting material for this sequence is an 
7 
aldehyde 26 derived from the ozonolysis of geranyl acetate. Once the carbon 
skeleton was extended, and the double bonds were in place leading to the 
hydroxy enol carbamate 27 intermediate, employing the allyltitanium reagent 
in a transmetallation step, lactone formation could proceed. This was 
achieved employing lithium aluminum hydride in THF at 65°C producing a 
lactol 28, which was converted to the methyl ether 29 as a protecting group 
(Scheme VIII) for the event of ring formation. 
Scheme VIII 
H 
Aco~0 -~ 
OCb 
26 27 Cb=C(O)N(i-Pr) 2 
HC(OMe)J, PPTS 
29 28 
Now that the lactone was formed, the ring closure could proceed. This 
employed an intramolecular Horner-Emmons macrocyclization using 
conditions devised by Masamune and Roush16 on an analogous 
intermolecular case, wherein a phosphono ester was added to an aldehyde in 
the presence of potassium carbonate in toluene and 18-crown-6. Thus the 
8 
protected lactol 29 was elaborated into a phosphono ester and the tert-
butyldimethylsil yloxy protecting group was directly oxidized to an aldehyde 
affording 30. Cyclization proceeded as in the intermolecular case producing 
the cembranolide intermediate 31. The lactol was oxidized to the lactone, the 
a-methylene group attached, and the methyl ester was converted into the 
free acid by saponification (Scheme IX) producing the cembranolide 
anisomelic acid 4 . 
Scheme IX 
JOMe 
(R0i) p 
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,. ,. 
II 
0 
30 R=CHiCF3 
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0:( 01 OMe 
... ... 
4 31 
Our research group has concentrated a considerable amount of effort in the 
investigation of butenolides, especially from ~-lactone rearrangement 
reactions, and has developed several reactions for the synthesis of a variety of 
functionalized butyrolactones.17 A representative sequence is outlined in 
9 
Scheme X. Treatment of a substituted acetic acid derivative 32 with two 
Scheme X 
32 
2 equiv. LOA 
.. 
MgBr 2 
... 
or TiCl 4 
33 
R OH 0 
2 equiv. Ph SO 2Cl 2j 1 , fx· II R3 C, 
- OH ~ R4 H .: R l __ ;J H 1 
N 
~ ~ " 
equivalents of lithium diisopropylamide (LDA) gave the corresponding 
dianion 33; this dianion was then condensed with a carbonyl containing 
compound, usually an aldehyde 34, to afford a ~-hydroxy acid 35. This ~-
hydroxy acid was then converted into a ~-lactone 36 via treatment with two 
equivalents of benzenesulfonyl chloride in dried pyridine at 0°C. Finally, this 
~-lactone was converted into a butyrolactone 37 by employing a Lewis acid 
such as magnesium bromide or titanium tetrachloride in a quasi-dyotropic 
rearrangement. 
The predominant driving force for the rearrangement of the ~-lactones 
is the considerable amount of Baeyer strain inherent in the four membered 
ring. The mechanism (Scheme XI) occurs in a several steps: 1) the ionization 
of the ~-lactone, which, after much previous investigation by our laboratory 
10 
Scheme XI 
MgBr 2 
36 36a 
fast 
36b 
has been shown to be the rate-determining step; 2) rapid carbocation 
rearrangement to a more stable cation; and 3) closure of the y-lactone ring via 
carboxylate attack on the newly formed carbocation. This process is similar to 
a dyotropic rearrangement which is strictly defined as a simultaneous 
positional interchange of two adjacent atoms and is a reversible process, 
requiring an anticoplanar alignment of the migrating bonds as depicted in 
Scheme XII. 
Scheme XII 
11 
At first glance, the rearrangement resembles a dyotropic process; 
however, it is more readily explained by the invocation of cationic 
intermediates. The migration of a hydride or an alkyl group toward a 
putative carbocation formed via the ionization of a ~-lactone usually tends to 
form more or equally stable cations. However, the events subsequent to 
cation formation must be extremely rapid (with respect to a bond rotation), 
since very high stereospecificity is observed. 
This sequence is very useful since three contiguous asymmetric centers 
can be stereospecifically fixed in one step as is the case from 44 ~ 45. This 
methodology for the direct stereocontrolled formation of butyrolactones has 
many practical applications. A variety of a-substituted monocyclic, spiro, and 
trans-fused butyrolactones has been synthesized by this procedure (Scheme 
XIII). In the case of the cyclopentyl ~-lactones, the trans-fused butyrolactones 
are formed in place of a spiro species due to the exothermic expansion from a 
five- to a six-membered ring (ca. 6 kcal/mol).22 
If the ~-lactone ring oxygen atom is bound to a tertiary carbon, with 
only primary or seconday carbons adjacent to it, an alternative reaction 
pathway is observed (Scheme XIV). The rearrangement from a tertiary cation 
47 to a secondary or a primary cation 49 is kinetically unfavorable in energy, 
and loss of an adjacent electrofuge (in this case a proton in they-position) to 
form an alkene was observed instead of the formation of a y-lactone. The y-
12 
Scheme XIII Reference 
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0 0 
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19 
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H 
40 41 
0 
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42 43 
tI 
OPh MgBr 2 cr.:co 21 ,.. 
H = OPh 
H 
44 45 
electrofuge that is aligned appropriately with the empty 'p' orbital of the f3-
cation is lost in preference to the orthogonally-positioned a-hydrogen, even 
though loss of the latter would provide the thermodynamically favored, 
conjugated alkene. Thus, this sequence provided a different, more efficient, 
13 
Scheme XIV 
0 0 
MgBr 2 
46 47 l 
49 R 3 = alkyl, R 4 or R 5 = H 48 
and stereocontrolled method for the preparation of ~.y-unsaturated acids 48.23 
Of particular importance relative to the project described in this thesis, 
was a recent report showing that the generation of a carbocation via removal 
of a nucleofuge in the y-position of a ~-lactone is capable of initiating ring 
explansion (51 ~ 52) with migration of the ~-lactone oxygen to the y-position 
followed by the loss of an a-electrofuge (i.e. proton or TMS) to afford a 
butenolide 52 (Scheme XV).24 
A reported method for the preparation of ~-lactones is the Lewis acid-
catalyzed [2+2] cycloaddition of ketenes 53 to carbonyl compounds 54 (Scheme 
XVI). It seemed to us that if this reaction on an intermolecular case between 
an alkyl ketene and an aldehyde produced a ~-lactone, then perhaps it might 
14 
Scheme XV 
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50 
Scheme XVI 
54 55a 
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51 
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52 
[ 2 + 2 ] Cycloaddition 
55b 
/ 
R 
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(!) ~c-o 
I 
H 
55c 
be extended to the intramolecular realm, constituting a novel ring-
forming strategy that generated a ~-lactone in the process. Furthermore, 
utilization of an appropriately substituted aldehyde, with a nucleofuge in a-
position, would set the stage for the butenolide-forming reaction outlined in 
Scheme XV; this would afford the bridged butenolide moiety common to 
germacranolide or cembranolide natural products. Scheme XVII shows a 
proposed synthetic pathway for the preparation of a germacranolide using 
15 
the described methodology. 
H 
0 
H 
Scheme XVII 
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The starting material, 10-oxo-2-trimethylsilylacetic acid 57, is generated 
by the addition of 8-bromo-1,1-dimethoxyoctane to trimethylsilylacetic acid 
dianionfollowed by deprotection of the acetal to afford the aldehyde. 
Treatment of the aldehyde with two equivalents of methyl methylthiomethyl 
sulfoxide anion followed by the protection of the resulting alcohol as the 
methoxyethoxymethyl (MEM) ether followed by hydrolysis of the thioacetal 
should afford the homologated aldehyde 58. Generation of the ketene is 
achieved by formation of the acid chloride under neutral conditions followed 
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by the elimination of HCl with triethylamine to afford 59. Ring closure and 
~-lactone formation is achieved via a Lewis acid catalyzed [2+2] cycloaddition 
under high dilution conditions to afford 60. Butenolide formation is effected 
by the generation of a carbocation via the protonation of the alcohol resulting 
from removal of the MEM protecting group by zinc bromide. This initiates 
ring expansion followed by the loss of the trimethylsilyl electrofuge affording 
the butenolide 61. 
Described herein are the full details of our study, including 
experimental details for the synthesis of a variety of alkyltrimethylsilyl 
ketenes, the Lewis acid-catalyzed [2+2] cycloaddition for the formation of a ~­
lactone 60, and a discussion of the rearrangement/ elimination process for the 
formation of a germacranolide-like intermediate 61, containing the same 
parent ring as aristolactone 2. 
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Part A: Intermolecular Studies: P.,Lactones via [2+2] Cycloaddition 
The first thing to be accomplished was to devise an intermolecular 
model on which to optimize reaction conditions; the data thus obtained 
would later be used in the design of the intramolecular applications. 
There were several factors to consider in the preparation of 
germacranolides. The key step in the entire reaction sequence would be the 
[2+2] cycloaddition of the ketene and the aldehyde moieties 62 forming a J3-
lactone and the germacranolide ring system 63 (Scheme XVIII). All precursor 
Scheme XVIII 
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compounds had to be developed with this final reaction pathway in mind. 
The reagent quantities would have to be considered to ascertain whether the 
same stoichiometry could be employed as in the intermolecular scheme. The 
potential interaction of reagents on the various functional groups on the 
different ends of the carbon skeleton had to be considered. The reactions that 
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produced the aldehyde moiety on the distal end of the complex molecule 
could not interfere with the ketene precursors. Likewise, the reactions 
that produced the ketene could not interfere with the already existing 
aldehyde, thus the possible employment of a variety of protection groups had 
to be investigated. Since the ketene was the more reactive of the two 
functional groups, it was necessary to generate it after the aldehyde so it could 
be quickly prepared and then directly used in the [2+2] cycloaddition step. 
Finally, the aldehyde functionality of one molecule could react with the 
ketene functionality of another molecule producing a ~-lactone, but not 
producing the gemacranolide ring. Therefore, a high dilution [2+2] 
cycloaddition had to be performed to insure that polymerization did not 
occur. All potential reaction sequences were thus examined with these 
considerations in mind so that a scheme could be developed that would 
insure the synthesis of the germacranolide skeleton. 
The first major goal was to develop a reliable synthesis of an alkyl 
trimethylsilyl ketene. Several methods appear in the literature for the 
preparation of such ketenes. It was decided to investigate and compare three 
different reaction methods for relative ease of technique, cost of starting 
materials, and applicability to the project from both an intermolecular and an 
intramolecular point of view. In order to gain experience with silylated 
ketenes, both with regard to synthesis and reaction chemistry, it was decided 
to prepare trimethylsilylketene prior to its a.-alkylated analogs. 
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The preparation of trimethylsilylketene developed by Ruden25 
centered on the pyrolysis of trimethylsilylethoxyacetylene. This was the first 
attempt at the preparation of an a-trimethylsilyl ketene. The starting 
material for this reaction was 1-ethoxyacetylene 66, which was expensive to 
buy but could be made by techniques perfected by Brandsma,26 employing 
chloroacetaldehyde diethyl acetal 64 as starting material. A double 
elimination of ethanol and hydrogen chloride via sodium amide (Scheme 
XIX) was successful at producing 1-ethoxyacetylene; this was followed by the 
Scheme XIX 
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removal of the relatively acidic acetylenic proton with methyllithium and the 
addition of the trimethylsilyl group with chlorotrimethylsilane to afford 
trimethylsilylethoxyacetylene 68. This was then refluxed at 120° C and 
distilled to afford trimethylsilylketene 69. The drawback for employing this 
method was the cost and time consumed in the ethoxyacetylene production. 
The first method for the production of alkyl trimethylsilyl ketenes, 
developed by Sakurai and colleagues,27 employed a 1-alkoxy-1-alkyne as a 
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starting material for a dealkylation reaction with iodotrimethylsilane. The 1-
alkoxy-1-alkyne starting materials were produced employing a method 
developed by Stalick and colleagues.28 As with trimethylsilylketene, 
chloroacetaldehyde diethyl acetal 64 was used and the double elimination of 
ethanol and hydrogen chloride proceeded affording the sodium salt of the 
acetylenic ether 65, but, an iodoalkane was employed instead of 
chlorotrimeth ylsilane, which afforded the 1-alkoxy-1-alkynes. Once the 
alkynes were produced, iodotrimethylsilane was added and the reaction was 
refluxed at 70° C for 46 hours, and then distilled to produce the final alkyl 
trimethylsilyl ketenes 71 (Scheme XX). This method was abandoned due to 
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poor yields as indicated by a low intensity IR absorption@ 2085 cm-1 showing 
lack of sufficient product; employment of 1-ethoxyacetylene starting material 
which was expensive to buy and difficult to synthesize due to the utilization 
of liquid ammonia in the preparation of sodium amide; the expense of 
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iodotrimethylsilane; and the rigorous conditions under which the ketene was 
formed which could pose a threat of decomposition occurring at the aldehyde 
end of the complex molecule and thus would not lend itself to an 
intramolecular approach. 
Another method for the production of alkyl trimethylsilyl ketenes 
developed by Kowalski and colleagues29 employed a simple homologation 
reaction of esters. The starting material, ethyl butanoate 72, was exposed to a 
solution of n-butyllithium, 2,2,6,6-tetramethylpiperidine (TMP), and 
dibromomethane forming a lithium ynolate 73. Addition of 
chlorotrimethylsilane followed by warming to room temperature was 
reported to afford the butyl trimethylsilyl ketene 74 (Scheme XXI). This 
Scheme XXI 
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method was abandoned due to its low yields as indicated by a low intensity IR 
absorption@ 2085 cm-1 showing lack of sufficient product; the expense of the 
TMP reagent; and the fact that utilization of strong bases in the presence of a 
distal aldehyde would result in a competition for the reaction of the 
chlorotrimethylsilane electrophile, thus not lending itself to an 
intramolecular approach. 
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The final method investigated for the preparation of alkyl 
trimethylsilyl ketene was a procedure developed by Tidwell and colleagues.30 
This pathway proved to be the method of choice for the intramolecular case. 
The starting material, trimethylsilylacetic acid 77 was, at first, a synthetic 
challenge. A standard Grignard reaction (Scheme XXII) developed by 
SchemeXXII 
75 
Mg(s) 
,.. 
Et20 
CH 
I 3 98 
CH3-Si-CH2MgCl 
I 
CH3 
76 
0 
l)C02 ,.. TM~ II ~OH 2) 1.SM HCI 
77 
Sommer and colleagues31 was employed using chloromethyltrimethylsilane 
75, magnesium turnings, and dry diethyl ether as a solvent; the reaction 
afforded a gray solution which was treated with solid carbon dioxide under a 
nitrogen atmosphere to afford the magnesium salt of the desired acid. At this 
point, a 3.0 M solution of sulfuric acid was employed to acidify the salt to 
afford trimethylsilylacetic acid 77, but the product fell out of solution as a 
thick impure oil. A literature precedent showed that the compound was a 
white, crystalline solid, and after consultation with Professor Tidwell, it was 
determined that the employment of 1.5 M hydrochloric acid instead would 
afford trimethylsilylacetic acid 77 as a white crystalline solid (mp 39-40° C) 
with a melting point, IR band @ 1684 cm-1, and IH-NMR, and 13C-NMR 
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spectra in accord with the literature. Once trimethylsilylacetic acid was 
produced in good yields (- 90%), the alkyltrimethylsilyl ketene synthesis 
could be examined and an intermolecular model could be tested. 
Affixment of the a-trimethylsilyl carboxylic acid moiety to carbon 
chains was achieved by a procedure designed by Grieco32a and Tidwell.32b 
Several acids were prepared by the addition of three equivalents of lithium 
diisopropylamide to trimethylsilylacetic acid 77 to generate the dianion 
followed by the addition of nine equivalents of an iodoalkane to afford the 
final 2-trimethylsilylalkanoic acid 79, 80 (Scheme XXIII). The stoichiometery 
Scheme XXIII 
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used in this scheme was developed after much effort and manipulation of 
reaction conditions to achieve the best yields of the 2-trimethylsilyl alkanoic 
acids. Two a-trimethylsilyl acids were produced; these are listed in Table 1. 
To insure the stability of the 2-trimethylsilyl alkanoic acids, they were stored 
in the freezer ( - -4° C) under a nitrogen atmosphere. 
The next step was to convert the acids to the acid chlorides; this was 
accomplished by a procedure developed by Tidwell and colleagues.33 It was 
vital to keep the reaction conditions neutral to insure that the labile 
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Table 1 - Preparation of 2-trimethylsilylalkanoic acids 
Entry Iodoalkane Yield a IR (cm-1 ) 
79 iodoethane 95% 3320,2930,2850 1680, 1380,850 
80 iodobutane 96% 3320,2930,2850 1687,850 
Note a: Yield calculated from crude products 
trimethylsilyl group was not hydrolytically cleaved. To a solution of 2-
trimethylsilyl alkanoic acid 79 or 80 in carbon tetrachloride was added sodium 
hydride to remove the acidic proton followed by the addition of oxalyl 
chloride to afford the 2-trimethylsilyl alkanoyl chlorides 83 or 84 (Scheme 
XXIV) with the evolution of carbon monoxide and the precipitation of 
Scheme XXIV 
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sodium chloride as indicators of reaction completion. Two acid chlorides 
were produced; these are listed in Table 2. Due to the instability of the acid 
Table 2 - Preparation of 2-trimethylsilyl alkanoyl chlorides 
Entry R Yield a IR (cm-1 ) 
83 ethyl 58% 2980, 2830, 1776. 1380,850 
84 butyl 88% 2980,2830 1776,850 
Note a: Yield calculated from crude products 
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chlorides, all were made, purified, and used immediately to produce the 
corresponding ketenes. 
The next step was to convert the acid chlorides to their respective 
ketenes, also achieved by a procedure developed by Tidwell and colleagues.34 
It was vital to keep the reaction conditions dry to insure that the highly 
reactive ketene stayed intact; the presence of adventitious water or alcohol 
would regenerate the a-trimethylsilyl acid starting material or an ester, 
respectively. To a refluxing solution of 2-trimethylsilyl alkanoyl chloride 83 
or 84 in dry tetrahydrofuran was added triethylamine to remove the acidic 
proton with the loss of chloride anion, by an E2 mechanism. A 12 hour reflux 
afforded the alkyl trimethylsilyl ketenes 85 or 86 (Scheme XXV) with the 
Scheme XXV 
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precipitation of triethylamine hydrochloride as an indicator of completion. 
Two ketenes were produced; these are listed in Table 3. Unfortuately, the 
ethyl trimethylsilylketene was not used due to a low intensity ketene IR 
absorption@ 2085 cm-1 indicating the lack of product and a poor yield. Due to 
the instability of ketenes, the butyl homolog was made, purified, and used the 
same day in the [2+2] cycloaddition reactions. 
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Table 3 - Preparation of alkyl trimethylsilylketenes 
Entry R Yield a IR (cm-1 ) 
85 ethyl 31% 2980,2830,2085 1350 850 
86 butyl 52% 2980,2830,2087 1350 850 
Note a: Yield calculated from crude products 
With a reliable alklyltrimethyl silyl ketene synthesis in hand, the Lewis 
acid-catalyzed [2+2] cycloaddition could be carried out to produce f3-lactones. 
The starting ketene used was butyl trimethylsilyl ketene 86 and the aldehyde 
used was hexanal 54. These alkyl groups were chosen to mimic the 
aristolactone 10-membered ring; an additional factor was that hexanal is 
inexpensive and easy to purify. To a solution of ketene and hexanal in 
diethyl ether at 0° C was added approximately four drops of freshly distilled 
boron trifluoride etherate (BF3 • Et20). The resulting solution was warmed to 
room temperature and stirred overnight to insure completion of reaction. 
Once the solvent was removed, spectra were collected on the crude product, 
which was obtained in a yield of 87%. According to the IR spectrum it was 
evident that indeed f3-lactone (3-butyl-4-pentyl-3-trimethylsilyloxetan-2-one 
87) had formed (1799 and 1686 cm-1), but it was also apparent that a trace 
amount of unsaturated acid (5-undecene-5-carboxylic acid 88) was also present 
from the ionization of the f3-lactone (acid peak@ 1691 cm-1) followed by the 
loss of the trimethylsilyl electrofuge catalyzed by small amounts of BF3 still 
present in the product mixture. 
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As additional support for the presence of the P-lactone, a solution of 87 
and dichloromethane was prepared. To this solution, a small amount of 
magnesium bromide was added and the solution was stirred at room 
temperature for three hours, at which point the solution was cooled and the 
magnesium bromide was destroyed by the addition of deionized water 
(Scheme XXVI). The only product retrieved from the reaction mixture was 
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unsaturated acid 88, which could only have formed via the intermediacy of P-
lactone 87. Previous work in our laboratory indicated that magnesium 
bromide is a highly efficient catalyst for P-lactone rearrangement reactions. In 
this case, the lactone oxygen bond was ionized by the Mg2+ generating a 
cation in the P-position which was removed by the loss of the trimethylsilyl 
electrofuge, affording the p,y-unsaturated acid. With this information in 
hand, the intramolecular phase could now be developed. 
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Part B: Intramolecular Studies: Ring Closure via ~-lactone Formation 
Now that the intermolecular model had been shown to perform 
satisfactorily, the next step was to adapt the chemistry to the intramolecular 
realm, producing a medium ring compound similar to that found in 
germacranolides. The approach taken was to start with a long chain alkyl 
a,Q-diol, convert one end into an aldehyde and the other into a ketene, and 
then perform an intramolecular [2+2] cycloaddition to produce a ring with a 
fused ~-lactone which could undergo expansion and elimination to produce 
the butenolide functionality of the germacranolide natural products. 
The first step was the construction of the long chain, with the aldehyde 
and the ketene in place. The starting material was 1,10-decanediol 89, which 
is commercially available as a white crystalline solid. This was converted into 
10-bromo-1-decanol 90 by a liquid-liquid extraction process developed by 
Schwarz and colleagues35 employing 48% hydrobromic acid and heptane as a 
solvent (Scheme XXVII). The major impurity, the dibrominated compound, 
Scheme XXVII 
HO 
OH 
89 
48% HBr 
heptane~ 
Br 
90 
was easily removed via chilling the mixture, since the dibrominated 
compound remained in solution and the 10-bromo-1-decanol crystallized, 
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OH 
enabling its retrieval by simple cold-filtration (- 0° C). 
At this point, two options were available to convert the alcohol to an 
aldehyde. First, the alcohol could be protected as a trimethylsilyl ether which 
could be oxidized to an aldehyde under Swern conditions after the 
condensation of the distal bromide with 2-trimethylsilylacetic acid dianion. A 
model system was investigated to insure that the alcohol transformation 
worked properly. The reaction procedure developed by Greene and 
colleagues36 was employed using octanol 91 as a starting material. This was 
converted into 1-trimethylsilyloxyoctane 92 followed by Swern oxidation 
conditions to afford octanal 93 (Scheme XXVIII) in 88% yield. Since the 
Scheme XXVIII 
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reaction pathway worked well on this simpler system, it was applied to the 
more complex molecule. 10-Bromo-1-decanol 90 was treated with 
triethylamine and then chlorotrimethylsilane to afford the trimethylsilyl 
ether, 10-bromo-1-trimethylsilyloxydecane 94, with the precipitation of 
triethylamine hydrochloride as an indicator of completion. This was then 
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condensed with the 2-trimethylsilylacetic acid dianion 78, generated from 2-
trimethylacetic acid 77 and two equivalents of lithium diisopropylamide 
employing tetrahydrofuran as a solvent at 0° C, to afford 12-trimethylsilyloxy-
2-trimethylsilyldodecanoic acid 95 in a 37% yield. This was then oxidized 
under Swern conditions37 to produce the aldehyde, 12-oxo-2-
trimethylsilyldodecanoic acid 96 (Scheme XXIX). The simpler system worked 
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very well so it was assumed that similar results would be obtained in the 
more compicated system; but, unfortunately, the aldehyde IR peak intensity 
@ 1725 cm-1 was weak showing an incomplete transformation that could not 
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be corrected with variation of reaction conditions, and thus the approach was 
abandoned. 
An alternative pathway was devised, in which a simple Swern 
oxidation was employed to gently oxidize the alcohol to an aldehyde, which 
was then protected as the acetal for the condensation with 2-
trimethylsilylacetic acid dianion, followed by deprotection after the 
condensation was completed. Again, a model system was investigated to 
insure that the aldehyde protection worked properly. The reaction procedure 
developed by Wenkert and colleagues38 was employed using octanal 93 as a 
starting material. This was converted into 1,1-dimethoxyoctane 97 employing 
2,2-dimethoxypropane and p-toluenesulfonic acid in a transacetalization 
reaction. This mild technique generates acetone as a by-product which is 
distilled away to drive the reaction to completion. After the acetal was 
formed, it was converted back into the aldehyde employing acetone and p-
toluenesulfonic acid in a reverse transacetalization reaction to afford octanal 
93 in a yield of 98% from the acetal (Scheme XXX). Since excellent results 
were obtained from this reaction pathway, it was then decided to try it on the 
more complex system. The starting material employed again was 10-bromo-1-
decanol 90; this was converted into an aldehyde employing Swern oxidation 
conditions to afford 10-bromodecanal 98 in a yield of 85%. This was 
converted into the acetal, 10-bromo-1,1-dimethoxydecane 99, employing 2,2-
dimethoxypropane and p-toluenesulfonic acid. After the acetal was formed, it 
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was condensed with the trimethylsilylacetic acid dianion 78, generated 
from trimethylsilylacetic acid 77 and three equavalents of lithium 
diisopropylamide employing tetrahydrofuran as a solvent at 0° C, to afford 
12,12-dimethoxy-2-trimethylsilyldodecanoic acid 100. Three equivalents of 
lithium diisopropylamide were employed after much experimentation had 
been done to optimize reaction conditions. The acetal was then converted 
into the aldehyde employing acetone and p-toluenesulfonic acid in a reverse 
transacetalization reaction to afford 12-oxo-2-trimethylsilyldodecanoic acid 93 
(Scheme XXXI) in a yield of 40%. This pathway worked exceptionally well, 
with high yields and good spectral data. 
The final reaction conditions to produce the germacranolide 
intermediate employed the same conditions that produced the ketenes via 
the acid chloride. A solution of the starting acid 12-oxo-2-trimethylsilyl-
dodecanoic acid 96 in carbon tetrachloride was prepared. This was converted 
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to the acid chloride under neutral conditions employing sodium hydride to 
remove the acidic proton, followed by the addition of oxalyl chloride to 
generate the acid chloride 12-oxo-2-trimethylsilyl-dodecanoyl chloride 101 
with the precipitation of sodium chloride to indicate completion. This 
solution was filtered through baked Celite to aid in filtration of the salt, and 
the solvent was removed to afford the crude acid chloride which was 
immediately used to produce the ketene. An IR spectrum was obtained of the 
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crude material to insure the presence of the acid chloride with a peak at 1776 
cm-1. Conversion to the ketene was accomplished by the addition of 
triethylamine in diethyl ether to remove the acidic proton with the loss of 
chloride to afford the ketene 12-oxo-2-trimethylsilyl-1-dodecen-1-one 102, 
with the precipitation of triethylamine hydrochloride as an indicator of 
completion. This slurry was filtered through baked Celite to aid in removal 
of the salt to afford the ketene, which was used immediately. An IR spectrum 
was obtained of the crude product to insure the presence of the ketene with a 
peak @ 2085 cm-1. The ketene solution was further diluted in preparation for 
the intramolecular [2+2] cycloaddition reaction with BF3•0Et2 employed as 
the Lewis acid catalyst. The high dilution conditions (- 0.0031 M) were 
necessary to prevent polymerization as described in Part A. The ketene 
solution was placed in a 50mL syringe and a solution of lOOmL of diethyl 
ether and the BF3•0Et2 was placed in a round bottom flask. The ketene was 
pumped slowly over seven hours into the catalyst at room temperature. 
Once the reaction had been completed, the final crude product was analyzed. 
A very small amount of product was available, thus only an IR spectrum was 
obtained for the compound. The final product analysis showed the presence 
of a carbonyl at the correct absorption for an unsaturated acid (- 1700 cm-1), 
but the region was cluttered with other peaks as well. There was evidence of 
a hydroxyl group with a large broad absorption (- 3000 cm-1) thus giving 
further evidence of the acid being present. Without a lH or a 13C NMR 
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spectrum to aid in the characterization of the compound, an accurate 
molecular structure could not be deduced, but from the evidence at hand, it 
was assumed that the product formed was indeed the unsaturated acid 1-
cycloundecene-1-carboxylic acid 103 in a yield of 95% from the aldehyde/ 
ketene complex. With the lack of any ~-lactone peaks in the IR spectrum (-
1800 cm-1), it was then assumed that the cycloaddition had occured followed 
by the loss of the trimethylsilyl electrofuge. Scheme XXXII shows the reaction 
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pathway from acid to the unsaturated acid. It was clear from the presence of 
the unsaturated acid that indeed the ~-lactone was formed, but with the long-
time exposure to the BF3•0Et2 the rearrangement to the unsaturated acid 
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occurred. The overall yield of the unsaturated acid 103 from 1,10-decanediol 
89 was 0.041 % in 8 steps. Without the presence of a nucleofuge in they-
position of the ~-lactone, the rearrangement could not proceed through the y-
lactone generating a cation in the ~-position for removal by the trimethylsilyl 
electrofuge generating the butenolide and the germacranolide intermediate. 
The reaction conditions did produce an eleven-membered ring showing that 
the [2+2] cycloaddition did occur, which made this reaction pathway a success 
regardless of the failure to produce the germacranolide. 
Part C: Prospects for Future Research 
Even though many promising results were obtained from this study, 
unfortunately the germacranolide was not produced, thus many areas for 
productive future research present themselves. 
1. The production of an 11-membered ring from a 10-carbon starting 
material was very gratifying, since odd-numbered rings are notoriously 
expensive. This reaction sequence could conceivably be used to produce even 
larger rings with functional groups attached in a various positions. The 
expensive part of the reaction would be the production of the long chain TMS 
acid-aldehyde. 
2. It was quite apparent from this study that a nucleofuge in the y-
position of the ~-lactone was needed in order to produce the germacranolides, 
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thus if the reaction pathway could incorporate the reaction from Scheme XVII 
(57 ~ 58) then the nudeofuge would be in place and the germacranolide 
intermediate could perhaps be produced. 
3. The reaction pathway as presented afforded an eleven-membered 
ring but an entire series of ring sizes could be prepared starting with different 
diols. Also, these a.,~-unsaturated acids could be used for further 
transformations leading to saturated acids, aldehydes with further reduction 
of the acid functionality, or to a variety of other functional groups. 
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ConCJ.fu1-ion 
Alkyl trimethylsilyl ketenes were prepared by a variety of different 
methods and investigated their ~-lactone formation capabilities via a Lewis 
acid-catalyzed [2+2] cycloaddition reaction. It was found that the most 
efficacious reaction combination was the formation of the 2-trimethylsilyl 
alkanoic acid derivative followed by the formation of the acid chloride under 
neutral conditions with oxalyl chloride, with further formation of the alkyl 
trimethylsilyl ketene with triethylamine. This was reacted with a simple 
aldehyde to form a ~-lactone. Generation of a carbocation via the action of 
the BF3 •OEt2 initiated the formation of an cx.,~-unsaturated acid. Without a 
nucleofuge in the y-position of the ~-lactone, the rearrangement of the ~­
lactone into a butenolide could not occur. Once an intermolecular model 
pathway had been shown to work, it was applied on an intramolecular 
pathway to generate a germacranolide intermediate. 
In summary, a new method for the synthesis of large unsaturated rings 
has been developed in an overall yield of 0.041 % in 8 steps. Although there is 
ample room for yield enhancement, extending this basic investigation could 
prove useful in the synthesis of butenolide-containing natural products such 
as aristolactone (and other germacranolides) and members of the 
cembranolide class. 
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I 
General Comments: All reactions were run in pre-oven dried (120 °C) 
glassware and performed under a nitrogen atmosphere unless otherwise 
stated. Proton (lH) and carbon (13C) NMR spectra were obtained on samples 
containing the trimethylsilyl moiety were carried out in CDCh without 1 % 
tetramethylsilane (TMS) solutions on a General Electric QE-300 (300 MHz) 
Fourier Transform NMR Spectrometer and chemical shifts are reported in 
parts per million (ppm) relative to 1 % tetramethylsilane (TMS) with a lock 
signal on deuterochloroform. Spectra for all other compounds were obtained 
in CDCh solutions and chemical shift values reported with respect to 1 % 
tetramethylsilane (TMS) as an internal reference standard. Peak 
multiplicities are abbreviated as follows: singlet, s; doublet, d; triplet, t; 
quartet, q; multiplet, m. Infrared spectra were recorded on a Nicolet model 
DXB-20 Fourier Transform spectrophotometer; absorption values are reported 
in wavenumbers (cm-1). Thin-layer chromatography (TLC) was performed on 
Analtech silica gel GF chromatography plates using 10% ethyl acetate in 
hexanes as an eluent unless otherwise indicated. Plates were visualized 
initially with an ultraviolet source, then with a stock solution of 20% (by 
weight) phosphomolybdic acid in 95% ethanol purchased from Aldrich 
Chemical Company. TLC was not performed on compounds containing the 
trimethylsilyl moiety due to the instability of the functional group on the 
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acidic silica surface. Flash chromatography was carried out on Aldrich silica 
gel 60 (200-400 mesh). All solvents were purified before use: tetrahydrofuran 
(THF) was pre-dried with sodium metal and then distilled over potassium 
metal/benzophenone. Diethyl ether was distilled over potassium and 
sodium/benzophenone. Diisopropylamine was refluxed with anhydrous 
calcium sulfate for approximately one hour and then distilled under 
nitrogen. All reagents were pre-distilled for maximum dryness and purity 
before the start of each reaction. All melting points were obtained on a 
Thomas-Hoover capillary melting point apparatus and are uncorrected. 
2-Trimethylsilylacetic acid (77) 
In a lOOOmL three-neck round-bottomed flame-dried flask, equipped 
with a double condenser, a nitrogen inlet, a magnetic stirrer, a heating 
mantle, and two glass stoppers, were placed 400mL of dry diethyl ether, 15.68g 
(0.645 mol) of magnesium metal turnings, and a catalytic amount( ...... 1.SmL) of 
1,2-dibromoethane. The flask was heated to reflux and 60mL (52.74g, 0.430 
mol) of chloromethyltrimethylsilane 75 was slowly added during a period of 
five minutes. Once the Grignard reaction had started as evidenced by grey 
color, foaming, and gas evolution, the heat was removed and the reaction 
was allowed to continue overnight, affording a grey mixture. The mixture 
was then slowly poured over crushed solid carbon dioxide ( ...... 200g) in a 
stoppered 2000mL filter flask equipped with a gas bubbler to insure that the 
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atmosphere above the reaction was free of moisture and oxygen but allowed 
gas evolution. This process was allowed to continue until all the solid carbon 
dioxide was gone. A second quantity of crushed carbon dioxide (- 200g) was 
added and allowed to react overnight, affording a grey solid. A lOOOmL 
quantity of dry diethyl ether was added and then 400mL of ice cold 1.SN 
hydrochloric acid solution was added slowly. The organic layer was separated 
and the aqueous layer was extracted one time with (- 150mL) ether, twice 
with (- 150mL) dichloromethane, and once more with (- 150mL) ether. The 
organic layers were combined and dried over anhydrous magnesium sulfate. 
The drying agent was removed via filtration and the solvent was removed in 
vacuo to afford a white crystalline solid, 77, as fine needles in 87% yield. The 
solid was subjected to vacuum overnight to remove trace amounts of solvent 
and stored in a freezer under nitrogen until used. The material displayed the 
following analytical parameters: mp 39-40 °C (lit.39 40 °C); IR (KBr pellet): 
3222, 1684, 830, 820 cm-1; lH-NMR (CDCh) 811.21 (s, lH, COOH), 1.92 (s, 2H, 
CH2), 0.14 (s, 9H, TMS); 13C-NMR 8179.94 (s, C=O), 26.99 (s, CH2), -1.70 (s, 
TMS). Lit.40: lH-NMR (CDCh) 8 11.73 (s, lH), 1.98 (s, 2H), 0.20 (s, 9H). 
General Procedure for the Preparation of 2-Trimethylsilyl Carboxylic Acids: 
In a 250mL two-neck round-bottomed flask, equipped with a Claisen adapter, 
a nitrogen inlet, a thermometer, a rubber septum, a magnetic stirrer, and an 
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ice/ salt bath was placed 65mL of dry tetrahydrofuran and 3.18mL (2.30g, 0.0227 
mol) of diisopropylamine. The flask was cooled to 0°C and 9.08mL (0.0227 
mol) of 2.SM n-butyllithium in hexanes was added slowly for 10 minutes. 
The resulting yellow solution was allowed to stand for 20 minutes, after 
which time 1.00g (0.00756 mol) of 2-trimethylsilylacetic acid 77 was dissolved 
in 5.00mL of tetrahydrofuran and slowly added to the reaction flask. The 
reaction was stirred for one hour, at which point a 0.0681 mol quantity of an 
iodoalkane was added all at once. The reaction was allowed to warm to room 
temperature overnight. The resulting yellow solution was poured into 
deionized ice water and acidified with 10% hydrochloric acid solution until 
red Congo Red paper turned blue. A cloudy white precipitate fell from the 
aqueous layer which dissolved into the organic layer upon shaking. The 
aqueous layer was extracted once with (- 100 mL) diethyl ether, twice with (-
lOOmL) dichloromethane, and once with (- lOOmL) diethyl ether. The 
resulting organic layer was extracted three times with 5% sodium hydroxide 
solution until the aqueous layer turned blue Congo Red paper red. The 
organic layer was discarded and the aqueous layer was reacidified with 10% 
hydrochloric acid solution until red Congo Red paper turned blue and 
extracted once with (- lOOmL) diethyl ether, twice with (- lOOmL) 
dichloromethane, and once with (- lOOmL) diethyl ether. The organic layers 
were combined and treated with anhydrous magnesium sulfate and 
decolorizing carbon. The drying agent and carbon were removed by filtration 
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employing Celite as a filter aid. The solvent was removed in vacuo to afford 
a clear colorless oil; samples were stored in a freezer until use. 
2-Trimethylsilylbutanoic acid (79), a yellow solid, was obtained from 2-
trimethylsilylacetic acid 77 and iodoethane in 95% yield; recrystallization 
from dichloromethane furnished the analytical sample: mp 45-46 °C; IR (KBr 
pellet): 3320, 2930, 2850, 1680, 1380, 850 cm-1; lH-NMR (CDCh) o 10.06 (s, 1H, 
COOH), 2.0-1.4 (m, 3H, CH2 and CH), 1.90 (t, 3H, CH3), 0.095 (s, 9H, TMS); 13C-
NMR o 181.93 (s, C=O), 39.83 (s, CH), 19.77 (s, CH2), 14.86 (s, CH3), -2.93 (s, 
TMS). 
2-Trimethylsilylhexanoic acid (80), a clear colorless oil, was obtained 
from 2-trimethylsilyl acetic acid 77 and iodobutane in 86% yield; vacuum 
distillation (120 °C/15mmHg) furnished the analytical sample: IR (film): 
3320, 2930, 2850, 1687, 850 cm-1; lH-NMR (CDCl3) o 11.60 (s, 1H, COOH), 1.96-
1.18 (m, 7H, CH2CH2CH2CH), 0.831 (t, 3H, CH3), 0.046 (s, 9H, TMS); 13C-NMR o 
182.18 (s, C=O), 37.80 (s, CH), 32.41 (s, CH2), 25.96 (s, CH2), 22.16 (s, CH2), 13.59 
(s, CH3), -3.121 (s, TMS). 
General Procedure for the Preparation of 2-Trimethylsilyl Carboxylic Acid 
Chlorides: In a 100mL three-neck round-bottomed flask, equipped with a 
rubber septum, a nitrogen inlet, a magnetic stirrer, a glass stopper, and an ice 
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bath, was placed 0.957g (0.0319 mol) of 80% sodium hydride in mineral oil. 
The grey solid was washed three times with pentane; the washings were 
discarded by adding to excess isopropyl alcohol followed by water. The 
remaining pentane was removed via warming the flask under a nitrogen 
flow. A 50mL quantity of dry carbon tetrachloride was then added. The 
mixture was stirred and cooled to 0 °C, forming a grey slurry. A solution of 
0.0265 mol of a 2-trimethylsilyl alkanoic acid in lOmL dichloromethane was 
added slowly to the slurry. The reaction foamed as hydrogen gas evolution 
occurred. The reaction was stirred for one hour, at which point 4.63mL (6.74g, 
0.0531 mol) of oxalyl chloride was added to the flask. The reaction foamed 
profusely as gas evolution occurred, and solid sodium chloride precipitated 
from the mixture. The solution was stirred for one hour, at which point 
oven-dried Celite (- lg) was added, producing a tan slurry. The slurry was 
filtered through oven-dried Celite and washed with dry carbon tetrachloride 
under a nitrogen atmosphere to give a clear, slightly yellow solution. The 
solvent was removed in vacuo to obtain a yellow oil. All acid chlorides were 
made, purified, and used the same day to produce the corresponding ketenes. 
2-Trimethylsilylbutanoyl chloride (83), a clear yellow oil, was obtained 
from 2-trimethylsilylbutanoic acid 79 in 58% yield; vacuum distillation (110 
°C/10mmHg) furnished the analytical sample: IR (film): 2980, 2830, 1802, 
1776, 1380, 850 cm-1; lH-NMR (CDCIJ) 8 2.86 (t, lH, CH), 1.72 (m, 2H, CH2), 1.04 
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(t, 3H, CH3), 0.42 (s, 9H, TMS); 13C-NMR 8173.49 (s, C=O), 48.64 (s, CH), 18.46 
(s, CHz), 12.78 (s, CH3), 3.02 (s, TMS). 
2-Trimethylsilylhexanoyl chloride (84), a clear colorless oil, was 
obtained from 2-trimethylsilylhexanoic acid 80 in 883 yield; vacuum 
distillation (110 °C/10mmHg) furnished the analytical sample: IR (film): 
2980, 2830, 1776, 850 cm-1; lH-NMR (CDC}J) 8 2.60 (t, lH, CH), 1.45-1.29 (m, 6H, 
CH2CH2CH2), 0.87 (t, 3H, CH3), 0.16 (s, 9H, TMS); 13C-NMR 8 174.42 (s, C=O), 
51.75 (s, CH), 32.12 (s, CH2), 27. 89 (s, CH2), 22.07 (s, CH2), 13.54 (s, CH3), -2.80 (s, 
TMS). 
12-0xo-2-trimethylsilyldodecanoyl chloride (101), a clear yellow oil, was 
obtained from 12-oxo-2-trimethylsilyldodecanoic acid 96 in 1003 yield; the 
crude material displayed the following analytical parameters: IR: 2928, 2856, 
1776, 1727, 1254, 847, 788 cm-1. 
General Procedure for the Preparation of 2-Trimethylsilyl Alkyl Ketenes: In a 
50mL three-neck round-bottomed flask, equipped with a condenser, a 
nitrogen inlet, a heating mantle, a glass stopper, a magnetic stirrer, and a 
rubber septum was placed a solution of 0.0193 mol of a 2-trimethylsilyl 
alkanoyl chloride in 25mL of dry diethyl ether. The solution was heated to 
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reflux, at which point 7.79mL (5.65g, 0.0558 mol) of triethylamine was added 
rapidly. A yellow color appeared and a milky white solid, triethylamine 
hydrochloride, precipitated from the reaction mixture. The mixture was 
allowed to stir at reflux overnight. A 10mL quantity of diethyl ether was 
added and the mixture was allowed to cool for 10 minutes, at which point 
oven-dried Celite (.-lg) was added, producing a tan slurry. The slurry was 
filtered four times through oven-dried Celite and the filter cake was washed 
with dry diethyl ether( ..... 20mL) under a nitrogen atmosphere to give a clear 
colorless solution. The solvent was removed in vacuo to obtain a clear 
colorless oil. All ketenes were made, purified, and used the same day to 
produce the corresponding ~-lactones. Excess ketene was stored in a freezer 
until use. 
2-Trimethylsilyl-1-hexen-1-one (86), a clear colorless oil, was obtained 
from 2-trimethylsilylhexanoyl chloride 84 in 52% yield; vacuum distillation 
(60-80 °C/10mmHg) furnished the analytical sample: IR (film): 2980, 2830, 
2087, 1350, 850 cm-1; lH-NMR (CDCIJ) () 1.91 (t, 2H, CH2), 1.45-1.34 (m, 4H, 
CH2CH2), 0.90 (t, 3H, CH3), 0.14 (s, 9H, TMS); 13C-NMR () 182.16 (s, C=O), 33.54 
(s, C=C), 22.00 (s, CH2), 21.51 (s, CH2), 13.54 (s, CH2), 12.56 (s, CH3), -1.15 (s, 
TMS). Lit41: lH-NMR () 2.1-1.6 (m, 2H), 1.5-1.0 (m, 4H), 1.0-0.7 (m, 3H), 0.00 (s, 
9H); 13C-NMR () 182.59 (s, C=C=O), 33.96 (s, CH3CH2CH2CH2), 22.40 (s, 
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CH3CH~H2CH2), 21.94 (s, CH3CH2CH2CH2), 13.93 (s, CH3CH2CH2CH2), 13.00 
(s, C=C=O), -0.72 (s, TMS). 
12-0xo-2-trimethylsilyl-1-dodecen-1-one (102), a clear yellow oil, was 
obtained from 12-oxo-2-trimethylsilyldodecanoyl chloride 101 in 63% yield; 
the crude product used showed evidence of a ~-lactone impurity: IR: 3010, 
2929, 2856, 2085, 1807, 1728, 1465, 1252, 1216, 1197, 1065, 1040, 846, 758 cm-1. 
General Procedure for the Intermolecular Cycloaddition of 2-Trimethylsilyl-2-
alkyl ketene to Aldehydes: In a 50mL three-neck round-bottomed flask, 
equipped with a nitrogen inlet, a magnetic stirrer, a glass stopper, a rubber 
septum, and an ice bath was placed a solution of 0.00293 mol of a 2-
trimethylsilyl-2-alkyl ketene and 0.00285 mol of an n-alkyl aldehyde in 20mL 
of dry diethyl ether. The solution was cooled to 0 °C for 10 minutes, at which 
point a catalytic amount (- 7 drops) of BF3 •OEt2 was added. The solution was 
allowed to warm to room temperature overnight. Evaporation the of diethyl 
ether by a rotovapor protected with a calcium chloride drying tube gave the 
crude ~-lactone, contaminated by small amounts of unsaturated acid. 
Samples were stored in a freezer until used. 
3-Butyl-4-pentyl-3-trimethylsilyloxetan-2-one (87), a clear brown oil, 
was obtained from 2-trimethylsilyl-1-hexen-1-one 86 and n-hexanal 54 in 87% 
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yield; vacuum distillation (120 °C/10mmHg) furnished the analytical sample: 
IR (film): 2958, 2861, 1801, 1687, 1459, 846 cm-1; lH-NMR (CDC}J) 8 6.41 (t, 1H, 
CH-0-C=O), 1.73-1.25 (m, 14H, CH2), 0.90-0.85 (s, 6H, CH3), 0.12 (s, 9H, TMS); 
t3C-NMR 8 195.09 (s, C=O), 174.01 (s, C-C=O), 155.21 (s, C-C-C=O), 21.51 (s, CH2), 
22.27-32.42 (m, CH2), 13.72-13.50 (d, CH3), -1.58 (s, TMS). 
General Procedure for the Preparation of ~-y Unsaturated Acids: In a 25mL 
one-neck round-bottomed flask, equipped with a nitrogen inlet and a 
magnetic stirrer was placed 0.00185 mol of 3-butyl-4-pentyl-3-
trimethylsilyloxetan-2-one 87 in 10mL of dichloromethane. A 0.00370 mol 
quantity of magnesium bromide was added. The mixture was stirred at room 
temperature for three hours, at which point was cooled to 0 °C and 15mL of 
deionized water was added to destroy excess magnesium bromide. The 
mixture was poured into a separatory funnel with 50mL of saturated sodium 
chloride solution. The mixture was extracted twice with diethyl ether (-
50mL), the organic layers were combined, and dried over anhydrous 
magnesium sulfate. The drying agent was removed via filtration and the 
solvent was removed in vacuo to afford a yellow oil. 
5-Undecene-5-carboxylic acid (88), a clear yellow oil, was obtained from 
3-butyl-4-pentyl-3-trimethylsilyloxetan-2-one 87 in 33% yield; column 
chromatography employing 20% ethyl acetate in hexanes as an eluent 
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furnished the analytical sample: TLC: Rf = 0.53 (streak); IR (film): 2958, 2861, 
1691, 1637, 1459 cm-1; lH-NMR (CDCl3) 8 9.35 (s, lH, COOH), 6.44 (t, 14H, 
C=CH), 2.35-1.21(m,14H, CH2), 0.97-0.82 (s, 6H, CH3); 13C-NMR 8195.17 (s, 
COOH), 155.21 (s, C=C-COOH), 143.60 (s, C=C-COOH), 34.45-22.26 (m, CH2), 
13.92-13.70 (d, CH3). 
10-Bromo-1-decanol (90) 
In a lOOmL three-neck round-bottomed flask, equipped with a heating 
mantle, a thermometer, a nitrogen inlet, a condenser, and a heptane liquid-
liquid extractor, was placed 93mL (135g, 0.801 mol) of 48% hydrobromic acid 
solution and 15.0g (0.0861 mol) of 1,10-decanediol 89. The mixture was 
stirred and heated to 85 °C as the diol slowly dissolved, affording a yellow 
solution. Once the diol was completely in solution, the extraction process was 
carried out by heating heptane to reflux. After three hours, layer separation 
was achieved, the organic layer became yellow and the aqueous layer became 
colorless, suggesting product formation. The solution was cooled, and the 
organic layer was separated and placed in the freezer overnight, causing 
precipitation of a white crystalline solid. The crystals were collected via a cold 
filtration with a chilled (- -50 °C) Buchner funnel and the solid was placed in 
a 250mL Erlenmeyer flask and warmed to room temperature. The solid 
melted thus cold (- -5 °C) recrystallizations were done by dissolving the 
melted product in pentane (- lOOmL) at room temperature then placing the 
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flask in the freezer overnight to induce crystallization. The recrystallization 
process was repeated two more times, and the solvent was removed in vacuo. 
A vacuum distillation (120° C/5 mmHg, Lit.42: 166-169° Cl 10 mmHg) 
furnished the pure material in 78% yield; the compound was stored in a 
freezer under nitrogen until used. The material displayed the following 
analytical parameters: TLC: Rf= 0.13; IR (film): 3342, 2928, 2855, 1467, 1058 
cm-1; lH-NMR (CDCh) B 3.60 (t, 2H, CH2-0H), 3.40 (t, 2H, CH2-Br), 2.89 (s 
broad, lH, OH), 1.87-1.30 (m, 16H, CH2); 13C-NMR B 62.70 (s, CH2-0H), 34.03 (s, 
CH2-Br), 32.63-25.74 (m, CH2). Lit.42: lH-NMR B 3.65 (t, 2H), 3.40 (t, 2H), 2.00-
1.20 (m, 17H). 
General Procedure for the Preparation of Trimethylsilyloxyalkanes: In a 
50mL three-neck round-bottomed flask, equipped with a magnetic stirrer, a 
rubber septum, a nitrogen inlet, and a glass stopper was placed 20mL of 
tetrahydrofuran and l.25mL (0.9lg, 0.00897 mol) of triethylamine. The 
solution was stirred at room temperature for five minutes, at which time 
0.00843 mol of an n-alkyl alcohol was added. The solution was allowed to stir 
for one hour, at which point 1.14mL (0.975g, 0.00897 mol) of 
chlorotrimethylsilane was added, causing the formation of a white 
precipitate. The mixture was stirred for eight hours, at which point the solid 
was removed via filtration through oven-dried Celite. The solvent was 
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removed in vacuo to afford a clear colorless oil which was stored in a freezer 
under nitrogen until used. 
1-Trimethylsilyloxyoctane (92), a clear colorless oil, was obtained from -
n-octanol 91 in 86% yield; vacuum distillation (65° C/2.0 mmHg, Lit.43: 62° 
C/2 mmHg) furnished the analytical sample: IR (film): 2928, 2858, 1260, 1099, 
1071, 868, 841 cm-1; lH-NMR (CDCb) B 3.51 (m, 2H, CH2-0TMS), 1.49-1.22 (m, 
12H, CH2), 0.82 (t, 3H, CH3), 0.05 (s, 9H, OTMS); 13C-NMR B 62.71 (s, CH2-
0TMS), 32.80-22.66 (m, CH2), 14.05 (s, CH3), -0.56 (s, OTMS). Lit. 44: lH-NMR B 
3.36 (d, 2H, CHz-Si), 1.30 (m, 12H), 0.90 (m, 3H), 0.12 (s, 9H, TMS). 
10-Bromo-1-trimethylsilyloxydecane (93), a clear colorless oil, was 
obtained from 10-bromo-1-decanol 90 in 82% yield; vacuum distillation (120° 
C/2.5 mmHg) furnished the analytical sample: IR (film): 2930, 2856, 1250, 
1096, 1071, 874, 841 cm-1; lH-NMR (CDCl3) B 3.51 (t, 2H, CHz-OTMS), 3.31 (t, 
2H, CH2-Br), 1.79-1.22 (m, 16H, CH2), 0.03 (s, 9H, OTMS); 13C-NMR B 62.67 (s, 
CH2-0TMS), 33.82 (s, CH2-Br), 32.85-25.81 (m, CH2), -0.45 (s, OTMS). 
12-Trimethylsilyloxy-2-trimethylsilyldodecanoic Acid (95) 
In a lOOmL three-neck round-bottomed flask, equipped with a 
thermometer, a nitrogen inlet, a condenser, a rubber septum, a magnetic 
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stirrer, a glass stopper, and an ice bath was placed 50mL of tetrahydrofuran 
and 2.52mL (1.82g, 0.018 mol) of diisopropylamine. The solution was cooled 
to 0 °C for 10 minutes, at which time 7.20mL (0.018 mol) of 2.5M n-
butyllithium in hexanes was added slowly over a 10 minute period. The 
solution was allowed to stand for 30 minutes. A solution of 0.79g (0.0060 mol) 
of trimethylsilylacetic acid 77 in 5mL of tetrahydrofuran was prepared and 
added to the reaction flask over a five minute period. The solution turned 
yellow and was allowed to warm to room temperature for one hour. A 
1.04mL (1.075g, 0.0060 mol) quantity of hexamethylphosphoramide (HMPA) 
was added to the reaction flask and the mixture was stirred for five minutes. 
A solution of 1.87g (0.00605 mol) of 10-bromo-1-trimethylsilyloxydecane 91 in 
5mL of tetrahydrofuran was added to the flask. The solution was heated to 
reflux for three hours, at which time the heat was removed and the solution 
allowed to stir overnight. The solution was poured into ice water and 40mL 
of 10% hydrochloric acid solution was added until the aqueous layer turned 
Congo Red paper blue. The mixture was extracted once with( ..... 50mL) diethyl 
ether, twice with ( ..... 50mL) dichloromethane, and once with ( ..... 50mL) diethyl 
ether. The resulting organic layer was extracted three times with 5% sodium 
hydroxide solution until the aqueous layer turned blue Congo Red paper red. 
The organic layer was discarded and the aqueous layer was reacidified with 
10% hydrochloric acid solution until red Congo Red paper turned blue and 
extracted once with ( ..... 50mL) diethyl ether, twice with ( ..... 50mL) 
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dichloromethane, and once with(~ 50mL) diethyl ether. The organic layers 
were combined, dried over anhydrous magnesium sulfate, and placed in the 
freezer overnight. The drying agent was removed via filtration. The solvent 
was removed in vacuo and a vacuum distillation (154 °C/0.2 mmHg) 
furnished the pure material as a clear colorless oil in 37% yield. The product 
showed evidence of the impurity 12-hydroxy-2-trimethylsilyldodecanoic acid 
caused by the acid hydrolysis of the 12-trimethylsilyloxy functional group. 
The material displayed the following analytical parameters: IR (film): 3220, 
2992, 2856, 1686, 1291, 1252, 1136, 855, 849 cm-1; lH-NMR (CDCl3) 8 8.60 (s, lH, 
COOH), 8 3.59 (t, 2H, CH2-0TMS), 2.58 (d, lH, CH-TMS), 1.88-1.22 (m, 18H, 
CH2), 0.12 (s, 9H, OTMS), 0.06 (s, 9H, TMS); 13C-NMR 8 181.50 (s, C=O), 62.86 (s, 
CH2-0TMS), 38.07 (s, CH-TMS), 36.81-25.73 (m, CH2), 32.85-25.81 (m, CH2), -
1.43 (s, TMS), -2.71 (s, OTMS). 
General Procedure for the Preparation of Aldehydes via Swem Oxidation45: 
In a 50mL three-neck round-bottomed flask, equipped with an alcohol 
thermometer, a nitrogen inlet, a rubber septum, a magnetic stirrer, and a dry 
ice/ acetone bath was placed lOmL of dichloromethane, 0.63mL (0.92g, 0.00726 
mol) of oxalyl chloride, and 0.99mL (2.69g, 0.0266 mol) of 1-bromoethane. 
The solution was cooled to -70 °C for ten minutes, at which point a solution 
of l. llmL (l.22g, 0.0156 mol) of dimethyl sulfoxide (DMSO) in 2mL of 
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dichloromethane was added slowly over ten minutes as the solution 
exothermed. A solution of 0.00494 mol of a trimethylsilyloxy-protected 
alcohol in 4mL of dichloromethane was added slowly and stirred for ten 
minutes, causing the formation of a white precipitate. A 3.7lmL (2.69g, 0.0266 
mol) quantity of triethylamine was added slowly over ten minutes, at which 
point the cooling bath was removed and the reaction was allowed to warm to 
room temperature for 30 minutes. As solution warmed, it changed from 
colorless to yellow. A lOmL quantity of deionized water was added to reaction 
and stirred for a 15 minute period of time at which point the mixture was 
poured into deionized water (- lOOmL) and extracted three times with (-
50mL) dichloromethane. The organic layer was washed twice with (- 50mL) 
l.5M hydrochloric acid solution, twice with (- 50mL) saturated sodium 
carbonate solution, and once with (- lOOmL) deionized water. The organic 
layer was dried over anhydrous magnesium sulfate. The drying agent was 
removed via filtration and the solvent was removed in vacuo to afford a 
clear yellow, malodorous oil. 
Octanal (93), a clear colorless oil was obtained from 1-
trimethylsilyloxyoctane 92 in 88% yield; vacuum distillation (40° C/0.3 
mmHg) furnished the analytical sample: TLC: Rf= 0.52; IR (film): 2930, 
2872, 2717, 1728, 1467, 1453, 1390, 850 cm-1; lH-NMR (CDCb) 8 9.73 (s, lH, 
CHO), 4.80 (t, 2H, CH2CHO), 2.61-1.24 (m, lOH, CH2), 0.85 (t, 3H, CH3); l3C-
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NMR o 205.86 (s, CHO), 101.71 (s, DMSO), 34.44-22.62 (m, CH2), 14.06 (s, CH3). 
Lit.46: 1H-NMR (CDC}J) o 10.75 (s, 1H), 2.60-1.10 (m, 12H), 1.10-0.60 (t, 3H). 
12-0xo-2-trimethylsilyldodecanoic Acid (96), a clear yellow oil obtained 
from 12-trimethylsilyloxy-2-trimethylsilyldodecanoic acid 95 in 44% yield; the 
crude material displayed the following analytical parameters: IR: 3350, 2930, 
2856, 2717, 1725, 1714, 1692, 1382, 1220, 1181, 1119, 847 cm-1; lH-NMR (CDCIJ) o 
9.75 (s, 1H, CHO), 6.10 (s, 1H, COOH), 3.73-1.17 (m, 19H, CH2), 2.15 (t, 1H, CH-
COOH), 0.09 (s, 9H, TMS); 13C-NMR o 203.16 (s, CHO), 124.23 (s, COOH), 65.93 
(s, CH-COOH), 43.96-15.30 (m, CH2), -2.70 (s, TMS). 
10-Bromodecanal (98), a clear yellow oil, was obtained from 10-
bromodecanol 90 in 62% yield; vacuum distillation (120° C/0.2 mmHg) 
furnished the analytical sample: TLC: Rf= 0.44; IR (film): 2929, 2856, 2717, 
1726, 667 cm-1; lH-NMR (CDCIJ) o 9.77 (s, 1H, CHO), 3.41 (t, 2H, CH2-Br), 2.66-
1.31(m,16H, CH2); 13C-NMR o 202.80 (s, CHO), 43.87 (s, CH2-Br), 34.01-22.02 
(m, CHz). Lit. 47 (as diethyl acetal): lH-NMR o 4.45 (t, 1H), 3.55 (m, 4H), 3.17 (t, 
2H), 2.00-1.00 (m, 22H). 
General Procedure for the Intramolecular Cycloaddition of 2-Trimethylsilyl-
(n- oxo) alkyl ketenes: In a 250mL two-neck round-bottomed flask, equipped 
with a nitrogen inlet, a magnetic stirrer, a rubber septum, and an ice bath was 
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placed a solution of a catalytic amount (- 3 drops) of BF3•0Et2 in 100mL 
quantity of diethyl ether. A solution of 0.000462 mol of a 2-trimethylsilyl-(n-
oxo) alkyl ketene in 50mL of dry diethyl ether was added slowly via a syringe 
pump over seven hours. The solution was allowed to stand at room 
temperature overnight, was dried over anhydrous magnesium sulfate, and 
the solvent evaporated to give the crude unsaturated acid showing no 
evidence of ~-lactone being present. Samples were stored in a freezer until 
used. 
1-Cycloundecene-1-carboxylic acid (103), a clear brown oil, was obtained 
from 12-oxo-2-trimethylsilyl-1-dodecene-1-one 102 in 66% yield; the crude 
material displayed the following analytical parameters: TLC: Rf= 0.63 
(streak); IR (film): 3222, 2929, 2856, 1704, 1140, 1093, 1065, 1024, 856 cm-1. 
General Procedure for the Preparation of an Acetal from an Aldehyde: In a 
50mL three-neck round bottomed flask, equipped with 2 glass stoppers, a 
condenser, a nitrogen inlet, a rubber septum, a magnetic stirrer, and a heating 
mantle was placed 0.00780 mol of an aldehyde, a catalytic amount (- 1 crystal) 
of p -toluene sulfonic acid (TsOH), and 10mL of 2,2-dimethoxypropane. The 
solution was heated to reflux overnight. The acetone obtained from the 
reaction was removed via fractional distillation and the excess 2,2-
dimethoxypropane was removed via vacuum distillation (water aspiration) 
57 
to afford a yellow oil. The oil was dissolved in 50mL diethyl ether affording a 
yellow solution, which was washed twice with (- 50mL) saturated sodium 
bicarbonate solution and once with (- 50 mL) deionized water. The solution 
was dried over anhydrous magnesium sulfate, and decolorized with carbon. 
The mixture was filtered through oven-dried Celite to remove drying agent 
and carbon. The solvent was removed in vacuo to afford a yellow oil. 
1,1-Dimethoxyoctane (97), a clear yellow oil, was obtained from octanal 
93 in 76% yield; the crude material displayed the following analytical 
parameters: TLC: Rf= 0.52, 0.78; IR: 2953, 2858, 1134, 1125, 1070, 1056, 667 cm-
1; lH-NMR (CDCl3) 8 4.34 (t, lH, CH), 3.31 (s, 6H, OCH3), 1.60-1.28 (m, 12H, 
CH2), 0.88 (t, 3H, CH3); 13C-NMR 8104.56 (s, CH), 52.53 (s, OCH3), 32.51-22.69 
(m, CH2), 14.12 (s, CH3). Lit.48: lH-NMR (CCl4) 8 4.25 (t, lH), 3.20 (s, 6H), 1.35 
(broad s, 12H), 0.90 (broads, 3H). 
10-Bromo-l,1-dimethoxydecane (99), a clear yellow oil, was obtained 
from 10-bromodecanal 98 in 98% yield; the crude material displayed the 
following analytical parameters: TLC: Rf= 0.51, IR: 2930, 2856, 1465, 1457, 
1448, 1218, 1191, 1125, 1100, 1078, 1055 cm-1; lH-NMR (CDCh) 8 4.35 (t, lH, CH), 
3.40 (t, 3H, CH2-Br), 3.31 (s, 6H, OCH3),2.60-l.30 (m, 16H, CH2); 13C-NMR 8 
104.54 (s, CH), 52.60 (s, OCH3), 34.07 (s, CH2-Br), 32.83-24.59 (m, CH2). 
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12,12-Dimethoxy-2-trimethylsilyldodecanoic acid (100) 
In a 100mL three-neck round-bottomed flask, equipped with a nitrogen 
inlet, an alcohol thermometer, a magnetic stirrer, a rubber septum, and an ice 
bath was placed 25mL of tetrahydrofuran (THF) and 1.49mL (1.076g, 0.0106 
mol) of diisopropylamine. The solution was cooled to 0 °C for ten minutes, at 
which point 4.25mL (0.0106 mol) of 2.5M n-butyllithium in hexanes was 
added slowly over five minutes. The solution was allowed to stand for ten 
minutes then a solution of 0.469g (0.00354 mol) of 2-trimethylsilylacetic acid 
77 in 5.0mL of tetrahydrofuran was added slowly. The solution was allowed 
to stand for 30 minutes, at which point 0.62mL (0.63g, 0.00354 mol) of 
hexamethylphosphoramide (HMPA) was added to the reaction flask and the 
mixture was stirred for five minutes. A solution of 1.00g (0.00354 mol) of 10-
bromo-l,1-dimethoxydecane 99 in 5mL of tetrahydrofuran was added to the 
flask. The dark amber solution was allowed to stir overnight. The solution 
was poured into ice water and 40mL of 10% hydrochloric acid solution was 
added until the aqueous layer turned Congo Red paper turned blue. The 
mixture was extracted once with ( ..... 25mL) diethyl ether, twice with ( ..... 25mL) 
dichloromethane, and once with( ..... 25mL) diethyl ether. The resulting 
organic layer was extracted twice with cold 5% sodium hydroxide solution 
until the aqueous layer turned blue Congo Red paper red. The organic layer 
was discarded and the aqueous layer was reacidified with cold 10% 
hydrochloric acid solution until red Congo Red paper turned blue and 
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extracted once with (- 25mL) diethyl ether, twice with (- 25mL) 
dichloromethane, and once with( - 25mL) diethyl ether. The organic layers 
were combined, dried over anhydrous magnesium sulfate, and decolorized 
with carbon. The drying agent and carbon were removed via filtration 
through oven-dried Celite. The solvent was removed in vacuo to afford a 
yellow oil in 50% yield. The crude material displayed the following analytical 
parameters: IR (film): 2977, 2930, 2858, 1700, 1685, 1251, 1128, 1069, 856, 850, 
737 cm-1; lH-NMR (CDCb) 8 5.28 (s, 6H, OCH3), 3.74 (t, 1H, CH-OCH3), 3.28 (s, 
1H, COOH), 1.84 (t, 1H, CH-TMS), 1.23-1.15 (m, 18H, CH2), 0.12 (s, 9H, TMS); 
13C-NMR 8 180.06 (s, COOH), 104.57 (s, CH-OCH3), 67.98 (s, OCH3), 65.90 (s, CH-
TMS), 58.36-15.28 (m, CH2), -2.72 (s, TMS). 
General Procedure for the Preparation of an Aldehyde from an Acetal: In a 
100mL three-neck round-bottomed flask, equipped with a condenser, a 
nitrogen inlet, two glass stoppers, a magnetic stirrer, and a heating mantle 
was placed 0.00287 mol of acetal, 20mL of dry acetone, and a catalytic amount 
(- 1 crystal) of p -toluenesulfonic acid (TsOH). The solution was heated to 
reflux overnight, poured into deionized water (- 50mL), extracted twice with 
(- 50mL) saturated sodium bicarbonate solution, and washed twice with (-
50mL) deionized water. The solution was dried over anhydrous magnesium 
sulfate, filtered through oven-dried Celite, and the solvent was removed in 
vacuo to afford a clear yellow oil. 
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Octanal (93), a clear yellow oil, was obtained from 1,1-dimethoxyoctane 
97 in 100% yield; the crude material displayed the following analytical 
parameters: TLC: Rf = 0.55; IR (film): 2930, 2858, 1730, 1457, 1134, 1125, 1070, 
1055 cm-1; lH-NMR (CDCl3) o 9.75 (s, lH, CHO), 4.34 (t, 2H, CH2-CHO), 3.31-
1.19 (m, lOH, CH2), 0.88 (t, 3H, CH3); 13C-NMR o 202.99 (s, CHO), 52.57 (s, CH2-
CHO), 43.94-22.09 (m, CH2), 14.07 (s, CH3). Lit. 49: lH-NMR (CDC13) d 10.75 (s, 
lH), 2.60-1.10 (m, 12H), 1.10-0.60 (t, 3H). 
12-0xo-2-trimethylsilyldodecanoic acid (96), a clear yellow oil, was 
obtained from 12,12-dimethoxy-2-trimethylsilyldodecanoic acid 100 in 26% 
yield;the crude material displayed the following analytical parameters: IR 
(film): 2977, 2930, 2858, 1700, 1685, 1251, 1128, 1069, 856, 850, 737 cm-1; lH-NMR 
(CDC13) o 5.28 (s, 6H, OCH3), 3.74 (t, lH, CH-OCH3), 3.28 (s, lH, COOH), 1.84 (t, 
lH, CH-TMS), 1.23-1.15 (m, 18H, CH2), 0.12 (s, 9H, TMS); 13C-NMR o 180.06 (s, 
COOH), 104.57 (s, CH-OCH3), 67.98 (s, OCH3), 65.90 (s, CH-TMS), 58.36-15.28 (m, 
CH2), -2.72 (s, TMS). 
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